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S U M M A R Y
Objectives: To determine the prevalence and the sociodemographic characteristics and sexual behavior
risk factors for human papillomavirus (HPV) infection in a hospital-based cohort of women in Saudi
Arabia.
Methods: Cervical specimens and questionnaire data were collected from women attending clinics in
Riyadh, Saudi Arabia. Cervical specimens were examined for abnormal cytology using a standard Pap test
and for the presence of HPV-DNA using PCR and reverse line blot hybridization tests.
Results: Approximately 73% of the 400 women tested were Saudi nationals. Nearly 50% were under
40 years old (range 22–80 years, mean  standard deviation 41.20  10.43 years). Approximately 17% of
the women were HPV-positive. The most commonly detected HPV types were HPV-18 (34%) and HPV-16
(19%), with multiple infections detected in 10% of positive specimens. Multivariate analyses revealed that
smoking and multiple partners were signiﬁcant risk factors for HPV infection (p < 0.01).
Conclusions: Because of societal challenges and an unsubstantiated assumption of low HPV prevalence,
few studies have examined sociodemographic characteristics or sexual behaviors associated with HPV in
Saudi women. However, a high prevalence of HPV infection was found, with smoking and multiple
partners as signiﬁcant risk factors, in this hospital-based cohort of predominantly Saudi women.
 2016 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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The presence of human papillomavirus (HPV) infection, a key
etiological factor in carcinoma of the cervix and other mucosal
epithelia, is associated with approximately 4.8% of all human
cancers,1 posing a signiﬁcant morbidity and mortality risk
worldwide. Papillomaviruses belong to a family of small, non-
enveloped viruses with a double-stranded DNA genome of
approximately 7.9 kb.2 HPV establishes productive infections only
in keratinocytes of the skin or mucous membranes. More than
180 genotypes of HPV have been sequenced, and these are* Corresponding author. Tel.: +966 11 442 7867; fax: +966 11 442 4519.
E-mail address: ahdal@kfshrc.edu.sa (M.N. Al-Ahdal).
http://dx.doi.org/10.1016/j.ijid.2016.04.004
1201-9712/ 2016 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).classiﬁed as either low-risk HPV (LR-HPV) or high-risk HPV (HR-
HPV), depending on their oncological potential for transforming
cells. Benign hyperproliferative lesions or genital warts are caused
by LR-HPVs, while HR-HPVs are strongly associated with
premalignant and malignant cervical lesions that lead to different
types of cancers such as cervical, vulvar, vaginal, penile,
oropharyngeal, and anal cancers.3,4
Cervical cancer is the eighth most frequent cancer among
women in Saudi Arabia aged 15 to 44 years,5 and according to the
World Health Organization, 6.51 million Saudi women 15 years
and older are at risk of developing cervical cancer.6 An estimated
152 Saudi women are diagnosed with cervical cancer and 55 die
from the disease every year. By contrast, the prevalence of HPV in
Saudi Arabia and many developing countries remains unknown or
controversial. However, approximately 2.2% of women living inciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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infection, with approximately 68.5% of invasive cervical cancers in
Asia attributable to HPV-16 or HPV-18.6 In Saudi Arabia, the
prevalence of HPV infection is under debate. Some researchers
have suggested that Saudi Arabia has the lowest HPV infection rate
in the world (e.g., 1.9 cases/100 000 women),7 but others claim a
much higher rate.8–12
Cervical cancer is preventable, and with an early diagnosis, it
may also be curable. Unfortunately, most women in developing
countries, including Saudi Arabia, remain undiagnosed until
advanced stages, which decreases survival rates.13 Therefore, the
present study was conducted to report the prevalence of HPV
infection in a hospital-based cohort of women in Saudi Arabia and
to establish a sociodemographic proﬁle and sexual health behavior
as risk factors for HPV infection.
2. Materials and methods
2.1. Participants, specimens, and data collection
Women who attended the Primary Care Clinic (namely, Family
Medicine) or the Obstetrics and Gynecology Clinic at King Faisal
Specialist Hospital and Research Centre (KFSHRC) in Riyadh, Saudi
Arabia, for routine cervical examinations from November 2013 to
November 2015 were included in this 2-year study. These clinics treat
persons of all socioeconomic classes who are eligible for treatment
in this hospital. The inclusion criteria for participation in the study
were women who were married, divorced, or widowed, and the
exclusion criteria were women who were pregnant or virgin. Given
religious and cultural constraints, Saudi women who have never
married could not be recruited for this study; therefore, all women
who had never married were excluded from the study to avoid bias.
Women who did not ﬁll in the questionnaire in its entirety were also
excluded from the study; thus, all survey questions were answered.
Cervical specimens were collected using a cytobrush. Two
cytobrushes were used to collect the specimens: the ﬁrst was
transferred into a vial containing liquid-based cytology transport
medium (PreservCyt; ThinPrep Pap Test Boxborough, MA, USA) for
use in a routine Papanicolaou (Pap) test; the second cytobrush was
transferred into a vial containing RNAlater stabilizing reagent
(Qiagen, Valencia, CA, USA) for use in molecular detection
experiments. The cervical specimens were examined for normal
or abnormal cytology, and the stages of abnormal cytology were
identiﬁed according to the Bethesda classiﬁcation,14 as follows:
negative for intraepithelial lesion (NIEL), atypical squamous cells
of undetermined signiﬁcance (ASCUS), low-grade squamous
intraepithelial lesion (LGSIL), high-grade squamous intraepithelial
lesion (HGSIL), and cervical carcinoma.
Questionnaires were completed by the enrolled participants
and were collected by a clinical coordinator during the partici-
pants’ clinical visits. Women who agreed to participate in the study
ﬁlled out the questionnaire in its entirety, leaving no question
unanswered.
2.2. Ethics approval
This study was approved by the Ofﬁce of Research Affairs (ORA)
of King Faisal Specialist Hospital and Research Centre (RAC #2130
033), and written informed consent was obtained from each
participant.
2.3. DNA extraction from cervical specimens
Cervical cells were collected using centrifugation, and total
genomic DNA was extracted using a Gentra Puregene Cell Kit
according to the manufacturer’s instructions (Qiagen, Hilden,Germany). The extracted DNA was eluted in 50 ml of RNase/DNase-
free water. The quality and quantity of the extracted DNA were
determined using a NanoDrop spectrophotometer (NanoDrop
Technologies, Wilmington, DE, USA). The quality of DNA extracted
from cervical specimens was determined with b-globin primers.
The ampliﬁed products were visualized using 1% agarose gels
stained with ethidium bromide.
2.4. HPV detection
The MY09/MY11 and GP5+/GP6+ primer sets were used to
target sequences located within the L1 region. The MY09/11
primer set targeted a 450-bp conserved sequence and was used for
the ﬁrst round of PCR. The GP5+/GP6+ primer set targeted a 150-bp
sequence within the 450-bp product and was, therefore, used for
nested PCR. The internal control was the b-globin gene, the
positive controls were HeLa and SiHa cells, and the negative
controls were UltraPure DNase/RNase-free water and HEK293
cells. Positive amplicons were sequenced for conﬁrmation at the
Sequencing Core Facility of KFSHRC using an ABI3730XL sequencer
(Applied Biosystems, Foster City, CA, USA).
2.5. Genotyping by reverse line blot (RLB) hybridization
The oligoprobes (n = 23; C12 Aminolink) were synthesized as
described previously.15 The genotyping protocol followed has been
published previously.16 Brieﬂy, oligoprobes were spotted on a
carboxyl-coated nylon membrane (Biodyne C 0.45 mm; Pall
Corporation, Pensacola, FL, USA). For hybridization, biotinylated
PCR products were added to the membrane. Subsequently, the
membrane was incubated with an anti-ﬂuorescein peroxidase
conjugate. HPV genotypes were detected using an enhanced
chemiluminescence kit.
2.6. Data and statistical analyses
Demographic information and sexual behavior data were
collected using a questionnaire provided to each participant.
Previously published papers were used to identify the risk factor
variables used in the present study.17–20 The demographic
variables included age, religion, marital status, education, nation-
ality, smoking habit, and income. The sexual variables included age
at ﬁrst intercourse, number of sexual partners, number of children,
contraceptive use, and duration and type of contraception used.
All data collected were stored and analyzed using IBM SPSS
Statistics version 22 software (IBM Corp., Armonk, NY, USA).
Univariate and descriptive statistics were used to estimate the
proportions. Signiﬁcant associations between HPV status and study
variables were assessed using a Chi-square test. Logistic regression
modeling was used to determine the adjusted odds ratios and 95%
conﬁdence intervals (95% CI) to estimate the relative odds for
demographic and sexual behavior variables and smoking status.
Variables that were signiﬁcant in univariate analyses and variables
that were considered relevant based on the previous research were
evaluated in a multiple logistic regression model. The ﬁnal model
was created with the inclusion of some risk variables with potential
biological signiﬁcance, which were those that remained statistically
signiﬁcant after adjustment. All p-values reported were two-sided
and were considered to be statistically signiﬁcant at p < 0.05.
3. Results
3.1. HPV prevalence and cytology results
Of the 400 women who were recruited and examined in this
study, approximately 17% (n = 67) tested positive for HPV DNA. The
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and HPV-16 (21%, n = 14), followed by HPV-11 (14%, n = 9), HPV-31
(7.6%, n = 5), HPV-58 (4%, n = 3), HPV-56 (3%, n = 2), and HPV-42
(3%, n = 2). Multiple infections were detected in 10% (n = 7). The
results of the cytology analysis showed that 93% (n = 368) of the
samples were normal (i.e., NIEL), 2% (n = 8) were ASCUS, 3% (n = 12)
were LGSIL, 0.75% (n = 3) were HGSIL, and 0.25% (n = 1) were
cervical cancer. Eleven cervical samples were b-globin-negative
and were excluded from the study. HPV-18 was detected in NIEL,
HGSIL, and cancer samples, HPV-16 was detected in NIEL, ASCUS,
LGSIL, and HGSIL, and HPV-56 was detected in NIEL and ASCUS.
Multiple infections were detected in NIEL, ASCUS, and LGSIL
(Figure 1).
The HPV genotype prevalence stratiﬁed by age revealed a
number of signiﬁcant ﬁndings. First, HPV types varied in women
younger than 40 years old compared with those older than
40 years, and declined signiﬁcantly in women >50 years. HPV-11
infection was most prevalent in the 20–29 years age group, HPV-16
in those aged 40–49 years, and HPV-18 in women aged 50 years.
Multiple infections were most prevalent in women younger than
40 years of age (Figure 2).
3.2. Demographic characteristics
A total of 400 women aged 22–80 years were tested for HPV.
Approximately 50% (n = 195) of the women were under the age of
40 years, with a mean age of 41.20 years (standard deviation (SD)
10.43, 95% CI 40.17–42.22). Most of the women were from Saudi
Arabia (73%, n = 291), followed by the Philippines (7.3%, n = 29) and
Jordan (4.0%, n = 16), with a small percentage (<2%) from Europe,
the Americas, Africa, and South Asia. Nearly 90% (n = 357) of the
women were Muslim, and the remainder were Christians. Most
had a higher level of education (45%, n = 181), with 37% (n = 149)
reporting a secondary school education, 10% (n = 41) an interme-
diate school education, and 7% (n = 28) a primary school education.Figure 1. HPV genotypes and cytology results. The most commonly detected HPV types w
58 (3%), HPV-56 (3%), and HPV-42 (3%). HPV-18 was detected in NIEL, HGSIL, and cancer sa
detected in NIEL and ASCUS samples. Multiple infections were detected in NIEL, ASCUApproximately 40% (n = 158) of these women were in house-
holds with monthly incomes of 5333 USD or more. The monthly
household income was 2666–5333 USD for 40% (n = 161), 1066–
2400 USD for 8% (n = 31), and less than 800 USD for 8.5% (n = 34).
Four percent (n = 16) reported having no income. Most of the
women (87.5%; n = 350) were married, with the remaining either
divorced or widowed. Close to one in three women (30%; n = 119)
reported smoking cigarettes. Table 1 presents these ﬁnding and
shows sociodemographic data according to HPV status.
Bivariate analyses indicated that only smoking was associated
with HPV status. Compared with non-smokers (12.5%), a higher
percentage of smokers (27%) tested positive for HPV (Chi-
square = 12.5, p < 0.0001). The results of a multivariate logistic
regression analysis, after controlling for the confounders of age,
education, and employment, indicated that women who smoked
had approximately 2.5 times higher odds of testing positive for
HPV (Supplementary Material, Table S1).
3.3. Sexual behaviors
The mean age at ﬁrst sexual intercourse was 21.5 years (SD 5.0,
range 11–38 years), with approximately half (51%) having
experienced sexual intercourse by the age of 20 years. Overall,
88% of the women reported having a single sexual partner, and the
remaining women (approximately 12%) reported more than one
sexual partner in their lifetime. Approximately 8% had no children.
Among those who reported having children, the average number of
children was 5.0 (SD 2.5, range 1–15) (Table 2).
HPV positivity was higher in women with three or more lifetime
sexual partners (44%) compared with women who had one partner
(16%). Odds ratios increased with increasing numbers of lifetime
sexual partners (Supplementary Material, Table S1).
Most women (72%, n = 287) reported using some type of
contraception in their lifetime. Among them, the intrauterine
device (IUD) (61%) and birth control pills (37%) were the twoere HPV-18 (34%) and HPV-16 (19%), followed by HPV-11 (13%), HPV-31 (6%), HPV-
mples. HPV-16 was detected in NIEL, ASCUS, LGSIL, and HGSIL samples. HPV-56 was
S, and LGSIL samples.
Figure 2. HPV genotypes and age categories. Multiple infections were highest in the youngest population. HPV-18 was most prevalent among women 50 years old, whereas
HPV-16 was most prevalent among 40–49-year-olds and HPV-11 infection was most prevalent in those aged 20–29 years.
Table 1
Sociodemographic characteristics of the study cohort
HPV-positive 16.8% (n = 67) HPV-negative 83.3% (n = 377) Total % (N = 400) Chi-square (df)
% (n) % (n) % (n)
Age, years 5.8 (4)
20–29 (n = 65) 20.0 (13) 80.0 (52) 16.3 (65)
30–39 (n = 119) 17.0 (20) 83.0 (99) 30.0 (119)
40–49 (n = 123) 17.0 (21) 83.0 (102) 31.0 (123)
50+ (n = 93) 13.0 (13) 86.0 (80) 23.7 (93)
Mean age (SD) 40.3 (10.67) 41.43 (10.38) t-value = 1.002
Religion 2.7 (1)
Christian (n = 43) 25.6 (11) 74.4 (32) 11.0 (43)
Muslim (n = 357) 16.0 (56) 84.0 (301) 89.0 (357)
Nationality 0.28 (1)
Saudi (n = 291) 16.0 (47) 84.0 (244) 73.0 (291)
Non-Saudi (n = 109) 18.0 (20) 82.0 (89) 27.0 (109)
Education 1.6 (3)
Primary (n = 28) 11.0 (3) 89.0 (25) 7.0 (28)
Intermediate (n = 41) 19.5 (8) 80.5 (33) 10.0 (41)
Secondary (n = 149) 19.0 (28) 81.0 (121) 37.0 (149)
Higher (n = 181) 15.5 (28) 84.5 (153) 45.0 (181)
Annual household income (USD) (ref. >5333.40)
<800.01 (n = 34) 20.0 (10) 71.0 (24) 9.0 (34) 4.1 (3)
1066.68–2400.03 (n = 31) 13.0 (4) 87.0 (27) 8.0 (31)
2666.70–5333.40 (n = 161) 16.0 (26) (84.0 (135) 42.0 (161)
>5333.40 (n = 158) 17.0 (27) 83.0 (131) 41.0 (158)
Marital status 0.72 (2)
Married (n = 350) 16.3 (57) 83.7 (293) 87.5 (350)
Divorced (n = 38) 18.4 (7) 81.6 (31) 9.5 (38)
Widowed (n = 12) 25.0 (3) 75.0 (9) 3.0 (12)
Smoking status
Yes (n = 119) 27.0 (32) 73.0 (87) 30.0 (119) 12.5 (1)a
No (n = 281) 12.5 (35) 87.5 (246) 70.0 (281)
HPV, human papillomavirus; SD, standard deviation.
a p < 0.001.
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(1.7%). The average duration of contraception use reported was
4 years (SD 3.2 years), with a maximum use of 25 years
(Table 2).Table 2 presents sexual behavior data according to HPV status.
Bivariate analyses indicated that among sexual behavior variables,
only the number of sexual partners was signiﬁcantly associated
with HPV status (Chi-square = 8.8, p < 0.01).
Table 2
Sexual behavior characteristics of the study cohort
HPV-positive (n = 67) HPV-negative (n = 377) Total % (N = 400) Chi-square (df)
Age at ﬁrst intercourse, mean (SD) 22.0 (4.89) 21.42 (4.97) t-value = 0.74
Lifetime sexual partners 8.8 (2)a
1 (n = 352) 16.0 (56) 84.0 (296) 88.4 (352)
2 (n = 30) 13.3 (4) 86.7 (26) 7.5 (30)
3 (n = 16) 44.0 (7) 56.0 (9) 4.0 (16)
Number of sexual partners, mean (SD) 1.3 (0.76) 1.14 (0.48) t-value = 1.6
Number of children, mean (SD) 5.44 (2.48) 4.79 (2.56) t-value = 1.75
Contraceptive use 0.38 (1)
Yes 16.0 (46) 84.0 (241) 72.0 (287)
No 19.0 (21) 81.0 (92) 28.0 (113)
Contraception type 3.5 (3)
None used 19.0 (21) 81.0 (92) 28.0 (113)
Condom 0.0 (0) 100.0 (5) 1.3 (5)
IUD 14.0 (24) 86.0 (151) 44.0 (175)
Oral pills 21.0 (22) 79.0 (85) 27.0 (107)
Contraception use duration in months, mean (SD) 50.41 (50.22) 47.58 (35.57) t-value = 0.46
HPV, human papillomavirus; SD, standard deviation; IUD, intrauterine device.
a p < 0.01.
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The present study determined the prevalence of genital HPV
genotypes among women in a hospital-based cohort in Saudi
Arabia, as well as the sociodemographic characteristics and sexual
behaviors that may be risk factors for HPV infection, which can lead
to cervical cancer. Approximately 17% of the women tested positive
for HPV, which is in agreement with studies reporting a higher HPV
prevalence in Saudi Arabia, as opposed to those suggesting a very
low prevalence. Among those reports claiming a higher prevalence
of HPV in Saudi Arabia, one recent study screened 519 cervical
specimens using PCR and a reverse line blot hybridization assay and
found that 164 (31.6%) women were positive for HPV.16 The results
of a recent observational cross-sectional study investigating the
prevalence of HPV in women during their routine gynecological
examinations at three hospitals in Saudi Arabia, detected HPV DNA
in 9.8% of the women (n = 417, aged 15 years). The HPV test was
conducted using PCR, and typing was performed using the SPF10
DEIA/LiPA25 system.9 The discrepancy among the reported results
may be attributable to the different detection techniques used in
the studies. It was noticed that most studies reporting high rates of
HPV used ampliﬁcation techniques (e.g., PCR and nested PCR),9–11
whereas many studies reporting a low prevalence used hybridiza-
tion techniques (e.g., in situ hybridization and HC-2).7 Hybridiza-
tion techniques are known to have lower detection limits because
they detect the exact amount of DNA present in the specimen. By
contrast, the ampliﬁcation techniques amplify a minute amount of
DNA to millions of copies for detection. An additional plausible
explanation is that the rate of HPV-positive women may be
expected to be lower in the target group, which was composed of
women attending primary care clinics who had no current
gynecological problems, whereas the rate of HPV-positive women
may be expected to be higher in referral cases or in women
presenting in the clinic with gynecological problems such as
bleeding, pain in the lower belly or pelvis, etc.
The most commonly detected HPV types in the present study
were HPV-18 (34%) and HPV-16 (19%), followed by HPV-11 (13%),
HPV-31 (6%), HPV-58 (4%), HPV-56 (3%), and HPV-42 (3%). These
results are in agreement with those from two recent observational
cross-sectional studies conducted in Saudi Arabia showing that the
most prevalent HPV types included HPV-68/73, HPV-18, HPV-16,
HPV-6, HPV-42, HPV-53, HPV-54, and HPV-45.9,11 Multiple infec-
tions were also detected in the present study in 11% of the HPV-
positive samples and were highest in the youngest age group (20–29
years). A number of studies have associated multiple HPV infections
with a heightened risk for the development or progression of cervicaldysplasia and carcinoma; therefore, follow-up for patients diag-
nosed with multiple infections is essential.21,22
The HPV genotype prevalence stratiﬁed by age indicated that
that types of HPV most prevalent in women younger than 40 years
old differed from those in women aged over 40 years, and that
prevalence declined signiﬁcantly in women aged >50 years. This
ﬁnding is in agreement with a number of previous reports and is
thought to be correlated with several factors, including a reduced
number of sexual partners in older women, as well as slowly
developing host immunity and viral clearance.23,24 A worldwide
meta-analysis of age-speciﬁc HPV prevalence revealed that women
younger than 34 years have a higher rate of HPV infection than
those aged 35 years and older. Furthermore, the HPV prevalence
below age 25 or 35 years is higher in less developed than in more
developed countries. But overall, there is a trend of continuous
decline with increasing age.25,26
The results of this study also revealed that smoking is a very
strong predictor of HPV infection (p < 0.001). Although it has been
reported extensively that smoking is associated with cervical cancer,
further studies are required to evaluate smoking as a risk factor for
HPV infection.27,28 This ﬁnding underscores the need to increase
awareness of the adverse consequences of smoking among women.
Unfortunately, smoking status (yes/no) was tested, but not smoking
duration, frequency, or type or number of cigarettes consumed.
Therefore, a larger-scale follow-up study will be conducted to
investigate smoking status as a predicative factor for HPV infection.
The relationship between sexual behavior and the prevalence of
HPV infection was evaluated in women attending KFSHRC clinics.
Compared with women who had one partner (16%), HPV positivity
was higher in women with three or more lifetime sexual partners
(44%). The odds ratio increased with an increasing number of
lifetime sexual partners. It is well known that having multiple
sexual partners is a risk factor for HPV infection.29,30
The association of contraceptive use and HPV infection varied
slightly among the methods employed. For example, 21% of the
participants using oral contraceptive pills tested positive for HPV
and 14% of IUD users tested positive. However, 19% of the women
using no contraception also tested positive for HPV. It was
previously suggested that the use of oral contraceptive pills may be
a risk factor for cervical intraepithelial neoplasia because oral
contraceptives may lead to DNA damage or alter the susceptibility
of cells to oncogenic viruses or chemical carcinogens.31,32
Interestingly, in the present study, 100% of the few women who
used condoms were protected against HPV infection. Unlike
Western societies, condom use is low in the Saudi population. The
results of this study indicate that condom use in Saudi Arabia
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sexually transmitted infections.
The small sample size of positive HPV cases (n = 67) presented a
limitation to the analyses of the data collected, restricting the
available analytical approaches and occasionally resulting in wide
95% CI ranges and less precision. Additionally, all women who
agreed to participate in this study completed the entire survey. The
exclusion of partially completed surveys might have introduced a
selection bias. Another limitation is that the women receiving care
at KFSHRC usually have higher incomes and higher education
levels than the population in general. Nevertheless, this study is
one of the ﬁrst to address HPV infection among women in a
conservative society in which merely collecting sexual behavior
information and cervical specimens remains challenging. Thus, the
present ﬁndings on HPV prevalence and sociodemographic and
sexual behavior risk factors are valuable.
In conclusion, there is a dearth of studies examining HPV
prevalence and sociodemographic characteristics in Saudi Arabia.
This report is among the few providing sociodemographic and
sexual behavior data from Saudi Arabia. Such valuable information
may pave the way for understanding HPV infection in a
conservative society, which will lead to a better understanding
of the infection in general and, therefore, to its prevention. Future
research from this group will include a national study with
extensive sociodemographic and sexual behavior data covering all
13 provinces of Saudi Arabia. This is to establish a strong database
that can be used to measure the HPV prevalence and the need for
awareness and vaccination programs.33
Acknowledgements
We are grateful to the nursing staff Maha Aljuaithen and Laila
Elbassiouni, who helped in the sample collection. We would like to
thank Dalia Obaid for her assistance in the statistical analysis. We
are also grateful to King Saud University Intern students (Lulwah
N. Alsalih, Reham A. Aljumaah, Raneem S. Alnowaiser, Razan A.
Alrowais) who contributed to this project. We are thankful to the
staff at the Sequencing Core Facility and the Research Center
Administration at KFSHRC for their assistance. We thank Hanan
Shaarawi and Maureene Delos Reyes for their secretarial and
administrative support.
Funding: This study was supported in part by a grant from King
Abdulaziz City for Science and Technology (13-MED2127-20).
Conﬂict of interest: None.
Contributions: FA is the project PI and wrote the manuscript. HK
conducted the molecular assays. SM performed the statistical
analyses. AT performed the pathology tests. TA, IA, MT, AA, AH, and
MA provided the patient samples and participated in the
interpretation of the clinical results. MA developed the study
design, interpreted the results, and reviewed the manuscript. All
authors read and approved the ﬁnal version of the manuscript
before submission.
Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ijid.2016.04.004.
References
1. Forman D, de Martel C, Lacey CJ, Soerjomataram I, Lortet-Tieulent J, Bruni L,
et al. Global burden of human papillomavirus and related diseases. Vaccine
2012;30(Suppl 5):F12–23.
2. Doorbar J, Quint W, Banks L, Bravo IG, Stoler M, Broker TR, et al. The biology and
life-cycle of human papillomaviruses. Vaccine 2012;30(Suppl 5):F55–70.
3. de Villiers EM. Cross-roads in the classiﬁcation of papillomaviruses. Virology
2013;445:2–10.4. Wheeler CM. The natural history of cervical human papillomavirus infections
and cervical cancer: gaps in knowledge and future horizons. Obstet Gynecol Clin
North Am 2013;40:165–76.
5. CSR, Cancer Incidence and Survival Report: Saudi Arabia. Riyadh, Saudi Arabia:
Saudi Cancer Registry; 2007. Available at: http://www.chs.gov.sa/Ar/Health
Records/CancerRegistry/CancerRegistryReports/Incidence%20Report%202007.
pdf (accessed May 17, 2014).
6. World Health Organization and Institut Catala` d’Oncologia (ICO). WHO/ICO
information centre on HPV and cervical cancer. WHO/ICO; 2009. Available at:
http://www.who.int/hpvcentre/en/ (accessed May 17, 2014).
7. Bondagji NS, Gazzaz FS, Sait K, Abdullah L. Prevalence of high-risk human
papillomavirus infections in healthy Saudi women attending gynecologic
clinics in the western region of Saudi Arabia. Ann Saudi Med 2013;33:13–7.
8. Alhamlan FS, Al-Qahtani AA, Al-Ahdal MN. Current studies on human papillo-
mavirus in Saudi Arabia. J Infect Dev Ctries 2015;9:571–6.
9. AlObaid A, Al-Badawi IA, Al-Kadri H, Gopala K, Kandeil W, Quint W, et al. Human
papillomavirus prevalence and type distribution among women attending rou-
tine gynecological examinations in Saudi Arabia. BMC Infect Dis 2014;14:643.
10. Al-Muammar T, Al-Ahdal MN, Hassan A, Kessie G, Dela Cruz DM, Mohamed GE.
Human papilloma virus-16/18 cervical infection among women attending a
family medical clinic in Riyadh. Ann Saudi Med 2007;27:1–5.
11. Turki R, Sait K, Anﬁnan N, Sohrab SS, Abuzenadah AM. Prevalence of human
papillomavirus in women from Saudi Arabia. Asian Pac J Cancer Prev
2013;14:3177–81.
12. Sait KH, Gazzaz FS. Molecular tests to detect human papillomavirus infection in
patients with cervical dysplasia and invasive cervical cancer in Saudi Arabia.
Pathol Lab Med Int 2011;3:25–9.
13. Manji M. Cervical cancer screening program in Saudi Arabia: action is overdue.
Ann Saudi Med 2000;20:355–7.
14. Apgar BS, Zoschnick L, Wright Jr TC. The 2001 Bethesda System terminology.
Am Fam Physician 2003;68:1992–8.
15. van den Brule AJ, Pol R, Fransen-Daalmeijer N, Schouls LM, Meijer CJ, Snijders PJ.
GP5+/6+ PCR followed by reverse line blot analysis enables rapid and high-
throughput identiﬁcation of human papillomavirus genotypes. J Clin Microbiol
2002;40:779–87.
16. Al-Ahdal MN, Al-Arnous WK, Bohol MF, Abuzaid SM, Shoukri MM, Elrady KS,
et al. Human papillomaviruses in cervical specimens of women residing in
Riyadh, Saudi Arabia: a hospital-based study. J Infect Dev Ctries 2014;8:320–5.
17. Srivastava S, Shahi UP, Dibya A, Gupta S, Roy JK. Distribution of HPV genotypes
and involvement of risk factors in cervical lesions and invasive cervical cancer:
a study in an Indian population. Int J Mol Cell Med 2014;3:61–73.
18. Kahn JA, Lan D, Kahn RS. Sociodemographic factors associated with high-risk
human papillomavirus infection. Obstet Gynecol 2007;110:87–95.
19. Cotton SC, Sharp L, Seth R, Masson LF, Little J, Cruickshank ME, et al. Lifestyle
and socio-demographic factors associated with high-risk HPV infection in UK
women. Br J Cancer 2007;97:133–9.
20. Johnson AM, Mercer CH, Beddows S, de Silva N, Desai S, Howell-Jones R, et al.
Epidemiology of, and behavioural risk factors for, sexually transmitted human papil-
lomavirus infection in men and women in Britain. Sex Transm Infect 2012;88:212–7.
21. Fife KH, Cramer HM, Schroeder JM, Brown DR. Detection of multiple human
papillomavirus types in the lower genital tract correlates with cervical dyspla-
sia. J Med Virol 2001;64:550–9.
22. Trottier H, Mahmud S, Costa MC, Sobrinho JP, Duarte-Franco E, Rohan TE, et al.
Human papillomavirus infections with multiple types and risk of cervical
neoplasia. Cancer Epidemiol Biomarkers Prev 2006;15:1274–80.
23. Jacobs MV, Walboomers JM, Snijders PJ, Voorhorst FJ, Verheijen RH, Fransen-
Daalmeijer N, et al. Distribution of 37 mucosotropic HPV types in women with
cytologically normal cervical smears: the age-related patterns for high-risk and
low-risk types. Int J Cancer 2000;87:221–7.
24. Baay MF, Tjalma WA, Lambrechts HA, Pattyn GG, Lardon F, Weyler J, et al.
Combined Pap and HPV testing in primary screening for cervical abnormalities:
should HPV detection be delayed until age 35? Eur J Cancer 2005;41:2704–8.
25. de Sanjose S, Diaz M, Castellsague´ X, Clifford G, Bruni L, Mun˜oz N, et al. Worldwide
prevalence and genotype distribution of cervical human papillomavirus DNA in
women with normal cytology: a meta-analysis. Lancet Infect Dis 2007;7:453–9.
26. Franceschi S, Herrero R, Clifford GM, Snijders PJ, Arslan A, Anh PT, et al.
Variations in the age-speciﬁc curves of human papillomavirus prevalence in
women worldwide. Int J Cancer 2006;119:2677–84.
27. Plummer M, Herrero R, Franceschi S, Meijer CJ, Snijders P, Bosch FX, et al.
Smoking and cervical cancer: pooled analysis of the IARC multi-centric case–
control study. Cancer Causes Control 2003;14:805–14.
28. Fonseca-Moutinho JA. Smoking and cervical cancer. ISRN Obstet Gynecol
2011;2011:847684.
29. Liu ZC, Liu WD, Liu YH, Ye XH, Chen SD. Multiple sexual partners as a potential
independent risk factor for cervical cancer: a meta-analysis of epidemiological
studies. Asian Pac J Cancer Prev 2015;9:3893–900.
30. Almonte M, Silva Idos S, Asare A, Gilham C, Sargent A, Bailey A, et al. Sexual
behavior and HPV infection in British women, by postal questionnaires and
telephone interviews. J Med Virol 2011;83:1238–46.
31. Sasieni P. Cervical cancer prevention and hormonal contraception. Lancet
2007;370:1591–2.
32. Harper JM, Levine AJ, Rosenthal D, Wiesmeier E, Hunt IF, Swendseid ME, et al.
Erythrocyte folate levels, oral contraceptive use and abnormal cervical cytolo-
gy. Acta Cytol 1994;38:324–30.
33. Alsbeih G. HPV infection in cervical and other cancers in Saudi Arabia: impli-
cation for prevention and vaccination. Front Oncol 2014;4:65.
